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Atmospheric Pressure 14.7 bar)
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The four CSP Technology families (after IEA, 2010b) 5  siall a1 i o gisal)

Focus type
Receiver

Line focus Point focus

Fixed

Stationary receiver that remains
mechanically independent of the
concentrating system. The attainable
working temperature depends of
the concentration ratio.

Linear Fresnel Tower
(central receiver systems)

* Solar Tower
\\ “‘-..‘_'-:‘-.‘,: }\
w N ™Y

|\ /RN

b

Y90 R ogy
Heliostats

Tracking/aligned

The receiver moves together with

the concentrating system. Mobile
receivers collect more radiation energy
than corresponding fixed receivers.

Parabolic Dish
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Solnova 50MW Plant Configuration 4, l3, de gasa + wadi () 55a

Steamn Turbine

Y == Sor “‘4'
'------------------n:-r-’l-_._ Reheater * ﬂ

' |
HTF-Heater 3 'lf
= B
: . : T Condenser '
1 . : g '.
: | == \ Solar ] .' '.
' . mowe— Superheater | : ‘.
'-----' - | '|1
| : --- ’- -
1
'— " | 1 l-----,-‘
T | Steam .
! 1
oo v Generator & @ l Cooling Tower
S ol Deaerator
: = Water Supply
el Solar e

@. i Y - ./ Preheater P \
= | . v

Expansion Vessel

MENASOL 2011

Source: 3rd North Africa & Middle East Solar Conference & Expo
4-5 May, Mazagan Resort, Casablanca (El Jadida), Moracca
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Morocco: Ain Beni Mathar 4a.< 343 + .
Integration into Combined Cycles 0 @ e G5

Fuel

Gas Turbine

i Waste Heat Steam Turbine
- . Recovery System =i

ﬁ—#

)
Qe
1 l----’-------

Condenser

& I
l ---b-

b ""'1-4-

Deaerator ' Cooling Tower

I j.. : Water Supply
R <

- : ' Steam

Generator

Expansion Vessel

MENASOL 2011

Source: 3 d North Africa & Mlddlc EI: Snlnr Conference & Expo 23
ay. blanca (E1 . Moracca

Mazagan Resors, C:



Shams-1 First Collector Installed = wad paza Jsf S 5 — (uad

MENASOL 2011

Source: 3rd North Africa & Middle East Solar Conference & Expo
4-5 May, Mazagan Resort, Casablanca (El Jadida), Moracca
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Maturity

First Project®:
Installed Capacity:
FPlants in Operation:

Of which largest:

Plants in Construction:

Of which largest:

1,200
1,000

A00

200
1a

Dish Stirling

Parabolic

Trough

1883

BT 1MW

21

BOMW

25

100K

Linear Dish

Fresnel Stirling

2007 2003 2007
BN 108N 1.8MW
b 4 3
200N SR 1.5MW
] 2 2
178 I0ONMW 1MW

CSP Capacity by Technology (MW, worldwide 2010 data)

arin

0.4

Lirsar Fresnel Parabalic Trough

In Operation

1,086.0
8.0 2.0 35.2
I— —
Povaver Tower Dish Stirkng Linear Fresnel Farabolic Trough
In Construction

1 According to BEEI MENA research, hased on various publically available documents

2 Commercial application, excluding pilots

Tfelntematimal Powver

G ST
—

Source: Menasol 2011

386

Power Tower
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Thermal Energy Storage Systems Technologies TESS

aq ) Al

Research and
Development

A3l oy A dalal) cilia of ¢SS

Economical
potential for base

Large | Small

Molten salt storage

Steam accumulators
(Ruths-storage)

PCM storage
Concrete storage
Ceramic storage
Sand/Stone storage

Thermo chemical
storage

Fluidized bed or
Trickle sand storage

Source: Menasol 2011 - enolcon

S
NS SSAAANS

Thermal Energy Storage System - TESS

load application

+ o
0 +
0 +
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— Site selection: solar technology requires more space....
(S o ol glisa JSI U] Sae) b ol g3SE (ha JSI 1A slhaall cilabisall

Large captital investment: 2000 — 5000 €/kW (dependent on technology, storage, ...)

Few data about operation and maintenance

Long start-up times (2 — 3 hrs)
Location is critical

Central receiver
Lots of space needed 6 ha/MW

Parabolic Trough
2.52 ha/MW

Dish Engine
1.5 ha/MW

Note: Wind: 30 ha/MW

1 football field

i?éll'ltﬂl'nﬂfﬂ'lﬂ Power

GriFE SO
—
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Lol e Ll sin
10 10 -

. Southern Europe

N A& O @

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

At Lol (B0 5
10 10 = =
8t _Ear@ra_dres__grt_ 8+ Tropical (South East Asia)
6+
4
2
: NN

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

[direct diffuse

The ratio of direct to dif-
fuse radiation varies
depending on geographic
location and season.
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Efficiency (%)
w

QM\ 3?«\.55 JJ.ES
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IPARIN]

efficiency
of cell

Cadmium telluride (CdTe) 7-10%

Gallium arsenide Single-film 15-20%
(GaAs) Double-film 20%
Triple-film 25-30%

Lol dabuall  qeallad) (3 gud) o daal)

surface market comment
required for share
1 kWp 2006

12-17m? 2.7% Cost-effective
manufacture,
but Cd is extremely
poisonous

All GaAs cells are:
extremely tempera-
ture-resistant;
extremely expensive
to manufacture; for
use in space
exploration, among
other things

s|eliajew 1030NpUoIIWd
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Characteristic curve I=f(U) of an M55

Current 1 in A solar module at an ambient temperature of 5°C
3.5
T 1000 W/m2 \.\ —~—MPPg
3 -+
Characteristic curves of ¥
a monocrystalline 2.5 1800 W/m?
module under varying 2 1 s
radiation and at ambient 1 600 W/m2
temperatures of 16 b
5°C (above) and T =
25°C (below) M Bl S
0.5 +-200 W/m?2
F 2
0':1:00:’”'{":; b

0 2 4 6 8 10 12 14 16 18 20 22

Voltage U in V

Characteristic curve I=f(U) of an M55

Current 1 in A solar module at an ambient temperature of 25°C
3.5
T 1000 W/m2 - MPPg
3 ¥ =t
i \/ /
2.5 +-800 W/m2 ’
2 1 — — —
1 600 W/m2
1.5
1 400 W/m2 e
‘ E 3
0.5 +-200 W/m?2 = ¥
I R

0 2 4 6 8 10 12 14 16 18 20 22

Voltage U in V

Aatiall g gacl) 5 0al)
gladyl Lgidle
Al ) g g (peuadd
ddas ol

-~
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Gl ¢l ISl A3LS e LAY dsliva yy ghatl Jaal) ddad

2015
Type Commercial Module’s §/KW Installed
Efficiency
First Generation ~ Wafer Silicone 15-21% I
Second Generation  a-S1 Based thin film 10-13% 0.7
Second Generation - Si film 13-16% 0.7
Second Generation  CdTe thin film 13% 2
Second Generation ~ CIGS 10-15% 3
Second Generation ~ Concentrator PV (III-V) Si | 29-36% <2
Third Generation ~ Sensitized 10%
Third Generation ~ Organic PV (cell) 12%

Source: US Ministry of Energy www.energy.gov




Installation in Morocco: 30kW at lfrane CPV

40000

35000

30000

25000

20000

Power (W)

15000

10000

5000

AC Power vs. DNI 28/10/2010

1200
//"_—'v V"\I—\\'\ - 1000
-

rft;"'_,-ﬂ""—-__ \fH-‘\l""h-.‘\--~\:*\\\‘ oo

)

[ A\ :

600 3

\ =

a

400

’ 200

- —_——m L (]
A B A =N == = R I - - B -
B8888888gyugyugeagegegygsegieses

— AL Power

DNI

* Connection to the grid: October 2010
* DNI higher than 1000W/m?2 is very often

Source: Menasol 2011 - Isofoton cpv
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Possibles longues

distances
100m< < gq km

.
L]
L
*
L]
[ ]
L]
%

Veers aulres ensembles §
’ de clustors ’ .

..--n.l.n-n..ona..-1oun

Ferme soldire >>1QMW

Source: Menasol 2011 - Converteam

MVDC >10kV {b_
‘ Eloment possible
- de stockage

d'energie
Onduleur MT
(MV7K)

>10MW AC

- MVAC >6.6kV

r

l-x-

HVAC (réseau

national)

OO0 m—

X X XX

=ign Bower 3y D MENASOL - Capyignt CONVERTEAY May 211
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Les 1 premiers fabricants de cellies photovaltakg ves jen b ) ¢ . . . . .
The top 1o photoveltaic cell manufacturers {in MWp)* BTy JAIBJ‘ Azilall QLSJ&S\ Q‘:\ALSA!

Lot i Fayi Pechababangie diee ofllules® Prosd uc tion capasity
£ oom i i Countvy Col erehnaiog s 18 -

Crystaling { mono, multils
Suntech Powet china 'l"‘“““m“_ﬂm_w 1 B30 2 400

JA Solas china Crystalline(mult) 1800
First Solar WsA Thin fim modules(CdTe) 1502

Trina Solar China Crystalline (mong) 1200

Yingh Green
£ China Crystalline imultl)

g-cells Germany  Crystalline (mono, mlt'll&lm 5'1'3 1335

:ﬂﬂm Talwan Crystalline (mono, multi) 1 800

sharp japan tmi;;:‘:gmlﬂ;:;l‘f. Laon

Gintach Talwan Crystalling (mane, multl) 30 1500
K yoCia lapan Crystalling | mano, it A 1 060
* R s S imalen gof | idpardad Suf rguie DeciSw & witiien WA 0 oo ST el e S Sadsam oo =g

ﬂ““ sropta ik e Hﬂlﬂﬂrﬂtﬂ“ AT TR hmﬂﬂmmﬂ“hﬂhﬂl'ﬂw lll.—pl .
o e | R PR Y oUW W T B polrEiaie ot e skicon, Boaros: FurDDsevEN 2 5s

Source: Photovoltaic Barometer — Eurobserv’er — April 2011
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Répartithon géagraphlgie de i prodintion en M de calluie phofowoRalgues &
Jigd &1 1010

Gaographic distribution of photovoltarc cells produc tion (MW In 2000 and 2010
L T e T g T pr v s (Dl i P el fem el O cofe

fowrce M holon isternalianal jmas Jags star hjags)

Annéefyedr Mg

ik % - SALE MWp
Amarics

60 TIE MiWp
Mataynbn

61 % 11 Mwp

A [TT L T
&8% - W HWp e

Rest of Burepe

N %= ) 0w, i MW

i TS - & Nl 8

1Y}

LI%- 18 M
SRR Kavad

124 %~ 1 5k NP
Jpaa

11%- 1514 MWp
T wemri

Source: Photovoltaic Barometer — Eurobserv’er — April 2011

Annéefyear 2010
56 % - 1253 MNP
G1%-l4SMwp  Ameian
Muiaysia 0,1%- 35 Misfp
— Africn and Midls Enst
Rastof Elrope
0,8 % - 2656, MWp
Gwrmany

478 % - 1300 4 MWp

§,0%- 13418 MW p Chini

Rest of Asin

3,1%- B65 MW p
South Karea

11,7%- 34485 WA p
Tonbw i

45%- 1205 MNp
Tapan
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Evolwion de la producthan de celiules de 2000 & 2010

solar cell product ion 2000 to 2010
Soprcs - Phodon Imiernatonzl jmars 2ozsianh mezl

27 113

& 170

2000 2001 2002 2003 2004 2005 2000 2007 2008 2000 2010

Source: Photovoltaic Barometer — Eurobserv’er — April 2011
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Exemple de facteur de puissance type selon la vitesse du vent en entrée.

T
100 %

Ty facteur de puissance type

90 %

80% If
f

70%
60 0/0 /

50 % /

40% /

30 % /

20 % -
10% /

Facteur de puissance en %
de la puissance maximum

10 15 20 25 30
Vitesse de vent en m/s

b
(&)

-0,1-
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Cumulative installed capacity (GW)

Annual install capacity growthrate @ 30.7% 36.2%
Cumulative capacity growthrate ll  26.7% 28.7% 25.2%

MARKET cw

FORECAST 7 TR SR RS e 8L e B T ol T N T s T, ORI W o S 40%

2009-2013 B e s e . ERRILAWES T A e IR NN R ey SO\ e 35%
2007 2008 2009 2010 2011 2012 2013

Annual installed capacity (GW) @  19.9 27.1 304

35.2 41.2 48.2 56.3
93.8 120.8 151.2 186.4

227.6 275.8 3321
12.5% 15.7% 17.0% 17.0%

23.3% 22.1% 21.2% 20.4%

GWEC 2008 Report : jradll
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Hub Height [m]
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Source: IPCC, Special Report on renewable energy, 2011
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c€/kWh
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The cost of Wind — Produced power as a function of wind speed (Euro Cent/kWhr)

Number of full load hours per year
Averages: 1225 Euros/KW, Interestrate7.5%

Source: www.wind-energy-the-facts.org
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Cost of installed kW for electricity generation from renewable energy
Energy source
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Energy source
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Biomass
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wind on shore
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Cost of kWh from renewable energy
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2030 2008
ZLY) il e FLY) il el
(UScents /KWh) |  (USS/KW) | (UScents/KWh) |  (US$/KW) Basaial) 48
10- 4 2570- 1940 105-4.5 2600-1970 (sl
85-7 1600- 1440 10.5-9 1960-1770 A gy
9.5-8 2530- 2280 12-10 3200-2890 A Al
12-35 3150- 2550 14-5 3670-2960 L) 4
30.5- 14 2400- 2010 75.5- 36 6800-5730 | Al Lo diigd s LA
22-7 2160- 1730 37-135 4500-3470 Aguand Ay )) > Al
7-55 3540- 3020 8-6.5 4060-3470 A ) s Al
11.5-10 2390- 2240 22-19.5 5420-5150 dral

Source: IEA
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of electricity generated from allernalives Ry AL
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Imported Electricity
0.92%

Coal
2.52%

Biomass Including Waste
2.71%

Total Primary Energy Supply in the World

Other Renewables
10.64%

Total Primary Energy Supply in Lebanon

Petroleum Products

Source: IEA 2010, data of 2008

Coal & Peat

Nuclear 26.83%

5.77%

Gas
20.98%

33.56%

Source:1IEA 2010, data of 2008
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SELECTED RENEWABLE ENERGY INDICATORS

Investment in new renewable capacity

Renewables power capacity (including only small hydro)
Renewables power capacity (including all hydro)
Hydropower capacity (existing, all sizes)

Wind power capacity (existing)

Solar PV capacity, grid connected (existing)

Solar PV production (annual)

Solar hot water capacity (existing)

Ethanol production (annual)

Biodiesel production (annual)

Countries with policy targets
States/provinces/countries with feed-in policies
States/provinces/countries with RPS policies
States/provinces/countries with bio-fuels mandates

104
210
1085
920
94
16
37
125
53
10
68
51
50
53

. A

$ & 5 3 3

2009

150 billion USD
305 GW

1230 GW

980 GW

159 GW

21 GW

10.7 GW

180 GWith

76 billion liters
17 billion liters
85
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B end-2004 to 2009 Five-Year Period

I 2009 only

102%

41%

120%

100%
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